(19) 



J 



(12) 



(43) Date of publication: 

31.01.1996 Bulletin 1996/05 

(21) Application number: 95111689.6 

(22) Date of filing: 25.07.1 995 



Europdfsches Patentamt 
European Patent Office 
Off ice europ^en des brevets (11) EP 0 694 801 A2 

EUROPEAN PATENT APPLICATION 

(51) lnt.CI.^: G02B 26/08 



(84) Designated Contracting States: 


(72) Inventor: Kaerlyama, Toshiyulci (nmi) 


DE FR GB IT NL 


Piano, TX 75075 (US) 


(30) Priority: 29.07.1994 US 283486 


(74) Representative: Schwepf Inger, Karl-Heinz, Dipl.- 




Ing. 


(71) Applicant; TEXAS INSTRUIWIENTS 


D-81241 MQnclien (DE) 


INCORPORATED 




Dallas Texas 75265 (US) 





(54) Improvements in and relating to micro-mechanical devices 



(57) An improved support post (16, 23, 25) for miao- 
mechanical devices (10). A via (34a) that defines the 
outer surface of the support post (16) Is etched into a 
spacer layer (34). An oxide layer (41) is conformally 
deposited over the spacer layer (34) and into the via 
(34a), and then etched back to the top surface of the 
spacer layer (34), leaving a sidewall ring (23a) on the 



inner surface of the via (34a). Next, a metal layer (61) is 
deposited over the spacer layer (34) and into the via 
(34a) so as to cover the sidewall ring (23a). This metal 
layer (61) is then etched to form a support post stem (23) 
Inside the via (34a). The spacer layer (34) is removed, 
leaving the support post stem (23) and a sidewall ring 
(23a) around the stem (23). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to micro-mechanical devices, s 
and more particularly, to an improved method of fabricate 
ing support posts for their movable elements. 

BACKGROUND OF THE INVENTION 

A recent development in the field of electro-mechan- 
ics has been the miniaturization of various mechanical 
devices. Typical of such devices are tiny gears, levers, 
and valves. These "micro-mechanicaP devices are man- 
ufactured using integrated circuit techniques, often 
together with electrical control circuitry. Common appli- 
cations include accelerometers, pressure sensors, and 
actuators. As another example, spatial light modulators 
can be configured from miao-mechantcal pixels. 

One type of micro-mechanical spatial light modula- 
tor is a digital micro-mirror device (DMD), sometimes 
referred to as a deformable mirror device. The DMD has 
an array of hundreds or thousands of tiny tilting mirrors. 
Light incident on the DMD is selectively reflected or not 
reflected from each minor to an image plane, to form 
images. To permit the mirrors to tilt, each is attached to 
one or more binges mounted on support posts, and 
spaced by means of an air gap over underlying control 
circuitry. The control circuitry provides electrostatic 
forces, which cause each mirror to selectively tilt. 

DMDs have various designs, most of which include 
the fabrication of support posts to which the binges are 
attached. Fabrication of the support posts has been 
accomplished with various approaches. One approach 
is to etch vias in a layer of spacer material. Metal is then 
deposited Into the vias to coat each via*s inner surface, 
resulting in a hollow metal post. A problem with this 
method is that it is difficult to uniformly coat the via's inner 
surface. In the terminology of silicon processing, good 
"step coverage" of the depositing material is difficult to 
achieve, and the coating inside the vias will typically have 
aberrations where the layer is very thin. Poor step cov- 
erage is an increasing problem as the aspect ratio of the 
vias increases. As a result, the support posts are 
mechanically weak. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided 
a method of fabricating a support post for a micro- 
mechanical device, comprising depositing a spacer layer 
over a substrate; etching a via into said spacer layer, the 
via defining an outer surface of a support post; deposit- 
ing an oxide layer over the spacer layer and into the via. 
such that said oxide layer substantially conformally coats 
an inside surface of the via; etching back said oxide layer 
to a level substantially corresponding to a top surface of 
the spacer layer, such that a sidewall ring remaining from 
said oxide layer coats the inside surface of the via; 



depositing a post metal layer over the spacer layer, such 
that the post metal layer coats the inside surfoce of the 
sidewall ring; and etching the post metal layer to form the 
support post. 

It is prefened that the deposition of the oxide layer 
is performed at a temperature in the range between room 
temperature (M**) and 120*'C, and it is particularly pre- 
ferred that the deposition is performed at room temper- 
ature. 

It is also preferred that the deposition of the oxide 
layer is performed by means of a flourotinetuoxysllane 
or a tetramethyl silane (TMDS) source. 

The step of etching back the oxide layer is preferably 
performed with an anisotropic etch. 

It is also preferred that the deposition of the post 
metal layer is performed by sputtering. 

Another aspect of the invention is an improved 
micro-mechanical device of a type having support posts. 
The improvement is a support post having a support post 
stem, made from a stem material deposited into a via 
etched into a spacer layer that is subsequently removed. 
A sidewall ring sunounds the circumference of the stem, 
covering at least a portion of the inner surface or outer 
surface of the stem. The sidewall ring is made by depos- 
iting an oxide layer over the spacer layer and into the vias, 
then etching back the oxide layer to the top surface of 
the spacer layer. 

In a first embodiment of the invention, the sidewall 
ring is made before deposition of the stem material. This 
provides the via with an inner profile that is rounded at 
the top edge of the via. slightly convex, and having an 
angle greater than 90 degrees at the bottom. This profile 
greatly enhances the step coverage of the subsequently 
applied metal layer that will form the support post stem. 

The support-post is used for supporting a micro- 
mechanical element. In a particularly prefenred embodi- 
ment the micro-mechanical element is a Digital Mirror 
Device (DMD). 

The micro-mechanical device comprises a substrate 
upon which at least one address electrode is fabricated, 
together with the support posts, a hinge extending from 
the support post, and a mirror attached to the binge 
which is deformable. Since the hinge is deformable the 
mirror may be tilted upon application of an external force. 

An advantage of the invention is that it provides a 
stronger support post. When the sidewall rings are made 
before the stems, the sidewall rings improve the step cov- 
erage of the metal layer, in the sense that the thickness 
of the metal deposited on the inner surface of the vias is 
more uniform than with prior methods. The sidewall rings 
remain in place alter fobrication. so as to bolster the 
strength of the metal wails. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 illustrate a digital mlao-minor 
device (DMD), made in accordance with the invention. 

Rgures 3-12 illustrate the steps of the method of 
the invention. 
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Figure 13 illustrates an alternative embodiment of 
the invention. 

Figure 14 illustrates a second alternative embodi- 
ment of the invention. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

For purpose of example, the following description is 
in terms of a particular type of "digital micro-mirror 
device" (DMD). sometimes also referred to as a "deform- io 
able mirror device". As described in the Background, one 
application of DMDs Is for forming images, where the 
DMD has an array of deflectable mirrors that selectively 
reflect light to an image plane. The images formed by the 
DMD can be used in display systems or for non-impact is 
printing applications. Other applications of DMDs are 
possible that do not involve image formation, such as 
optical steering, optical switching, and accelerometers. 
I n some of these applications, such as an accelerometer, 
the "min^or" need not be reflective and the applied force 20 
is due to acceleration rather than being electrostatic. 
Also, in some applications, the DMD is not necessarily 
operated in a digital mode. 

In general, the term "DMD" is used herein to include 
any type of micro-mechanical device having at least one 25 
hinged and deflectable mass that is spaced by an air gap 
from a substrate, which it contacts in response to an 
applied force. The invention is Osed during fabrication of 
the DMD to provide support posts for the binges, and in 
some DMD designs, for other elements that are spaced 30 
above the substrate. 

Figure 1 is a plan view of a portion of a DMD 1 0 hav- 
ing an array of mirror elements 12. In the view of Figure 
1 , only the mirror 1 4 and mirror support post 1 6 of each 
mirror element 12 are shown. In a typical DMD 10, the 35 
mirror elements 12 are fabricated on 17 micron centers. 

Figure 2 is an exploded perspective view of a single 
mirror element 12. For purposes of example, the DMD 
10 is a hidden-hinge type DMD. As with other DMD 
designs, the hinges 22 are supported on support posts 40 
23. Additionally, address electrodes 24 are supported by 
electrode posts 25 on the same level as hinges 22 and 
binge support posts 23. The mirrors 14 are fabricated 
above the binge/electrode layer and are supported by 
mirror support posts 1 6. 45 

Mirror support post 16 is fabricated over a landing 
yoke 21 . Landing yoke 21 is attached to one end of each 
of two torsion hinges 22. The other end of each torsion 
hinge 22 is attached to a hinge support post 23. Address 
electrodes 24 are supported by electrode support posts so 
25. The hinge support posts 23 and electrode support 
posts 25 support the hinges 22, address electrodes 24, 
and landing yoke 21 over a control bus 26 and address 
pads 27. When mirror 14 is tilted, the tip of the landing 
yoke 21 contacts the control bus 26. The control bus 26 ss 
and landing pads 27 have appropriate electrical contacts 
with a substrate of address and control circuitry, which 
is typically fabricated within the substrate using CMOS 
fabrication techniques. 



As explained below in connection with Figures 3 - 
12, each binge support post 23 is essentially a hollow 
stem 23b. made by depositing material into a via that has 
been etched in a spacer layer. In accordance with the 
invention, a sidewall ring 23a coats the inner surface of 
each stem 23b. The spacer layer is subsequently 
removed, leaving the stem 23b and the sidewall ring 23a. 
The address electrode support posts 25a and mirror sup- 
port posts 16a may be made in the same way. 

Another type of DMD for which the invention is useful 
is the torsion beam type, whose hinges are not hidden 
but rather extend from opposing sides of the mirror. Other 
types of DMDs are cantilever beam types and flexure 
beam types. Various DMD types are described in U.S. 
Patent No.4.662,746. entitled "Spatial Ught Modulator 
and Method": US. Patent No. 4.956,610. entitled "Spa- 
tial Light Modulator"; U.S. Patent No. 5.061.049 entitled 
"Spatial Light Modulator and Method"; U.S. Patent No. 
5,083.857 entitled "Multi-level Deformable Mirror 
Device"; and U.S. Patent Serial No. 08/171.303. entitled 
"Improved Multi-Level Digital Micromirror Device". Each 
of these patents is assigned to Texas Instruments Incor- 
porated and each is incorporated herein by reference. 

In operation for image display applications, a light 
source illuminates the surface of the DMD 1 0. A lens sys- 
tem m^ be used to shape the light to approximately the 
size of the array of mirror elements 12 and to direct this 
light toward them. The mirror support post 16 permits 
mirror 14 to rotate under control of hinge 22. Mirror 14 
rotates in response to an electrostatic force caused by 
application of an appropriate voltage to an address elec- 
trode 24. When mirror 14 rotates, yoke 21 contacts bus 
26. 

Voltages based on data in the memory cells of the 
underlying CMOS circuit are applied to the two address 
electrodes 24. which are located under opposing comers 
of mirror 14. Electrostatic forces between the mirrors 14 
and their address electrodes 24 are produced by selec- 
tive application of voltages to the address electrodes 24. 
The electrostatic force causes each mirror 1 4 to tilt either 
about +10 degrees (on) or about -10 degrees (ofO, 
thereby modulating the light incident on the surface of 
the DMD. Ught reflected from the "on" mln-ors 14 is 
directed to an image plane, via display optics. Ught from 
the "off" mirrors 14 is reflected away from the image 
plane. The resulting pattern forms an image. The propor- 
tion of time during each image frame that a mirror 14 is 
"on" determines shades of grey. Color can be added by 
means of a color wheel or by a three- DMD setup. 

In effect, the mirror 1 4 and its address electrodes 24 
form capacitors. When appropriate voltages are applied 
to a min'or 14 and its address electrodes 24, a resulting 
electrostatic force (attracting or repelling) causes the 
mirror 14 to tilt toward the attracting address electrode 
24 or away from the repelling address electrode 24. The 
mirror 14 tilts until yoke 21 contacts bus 26. 

Once the electrostatic force between the address 
electrodes 24 and the mirror 14 is removed, the energy 
stored in the binge 22 provides a restoring force to return 
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the mirror 1 4 to an undef lected position. Appropriate volt- 
ages may be applied to the mirror 14 or address elec- 
trodes 24 to aid in returning the mirror 14 to its 
undeflected position. 

Figures 3-12 illustrate the method aspects of the 
invention, which may be used to form any of the support 
posts 16. 23, or 25, for mirrors 1 4. hinges 22, or address 
electrodes 24. respectively. For purposes of example, 
the method of the invention is described In terms of fab- 
ricating mirror elements 12 of a hidden-binge DMD 10 of 
the type described above. Except for the fabrication of 
support posts 1 6. 23. and 25. further details of fabrication 
of a DMD of this type are set out in U.S. Patent Serial 
No. 08/1 71 ,303 referred to above. With appropriate mod- 
ifications, the method could be performed for fabrication 
of other types of DMDs. or for other types of micro- 
mechanical devices having support posts. 

Regardless of the type of micro-mechanical device 
on which the method of Figures 3 - 12 is performed, the 
method assumes that the underlying address and con- 
trol circuitry has been fabricated. This circuitry is shown 
as CMOS substrate 31. Substrate 31 Is covered with a 
protective oxide layer 32. A metal layer 33 is then depos- 
ited, from which control bus 26 and landing address pads 
27 are patterned and etched. Although not shown in the 
view of Figure 3. in appropriate locations, holes are 
opened in the oxide layer 32 to permit the metal of layer 
33 to contact the CMOS substrate 31 . 

A hinge spacer layer 34 is then deposited, yielding 
a planar surface upon which to fabricate yoke 21 and 
hinges 22. The spacer layer 34 is patterned and etched 
to form vias 34a, which define the hinge support posts 
23. Typically, vias 34a are round and define substantially 
cylindrical support posts 23, but other shapes could 
equivalently be used. In the view of Rgures 3-12. vias 
for the address electrode support posts 24 are not visi- 
ble, but could be made with the same method as 
desaibed herein to make binge support posts 23. The 
thickness of layer 34 determines the size of the air gap 
under landing yoke 21. which in turn, determines the 
rotation angle of mirror 14. A typical spacer layer 34 is 
approximately 20.000 angstroms thick and Is comprised 
of positive photoresist that Is UV hardened. 

In Figure 4, a layer 41 of sidewall oxide has been 
deposited over layer 34 and into vias 34a Layer 41 is as 
conformal as possible. A typical thickness of layer 41 is 
3000 angstroms. A suitable deposition technique 
involves the use of a fluorotriethoxysilane liquid source 
at room temperature. This source is described in an arti- 
cle entitled Tluorinated Interlayer Dielectric Films in 
ULSl Multilevel Interconnections", by Tetsuya Homma. 
for E-MRS Spring Meeting 1994, Symposium A: Amor- 
phous Insulating Thin Films II. Other oxide deposition 
methods, such as by decomposing tetramethyl siloxane 
(TMDS) at 120 degrees centigrade at 10 angstroms per 
second, or by trimethoxy 2 at 1 70 degrees centigrade at 
2.7 angstroms per second, have been used with satis- 
factory results. 



In Figure 5, an anisotropic etch has been performed 
on layer 41. so as to leave a sidewall ring 23a on the 
inner surface of the via 34a. This etch, which etches 
away the oxide to the top surface of spacer layer 34, is 

5 referred to herein as an "etch back". Comparing Figure 
3 to Figure 5, the profile of via 34a with the addition of 
sidewall ring 23a is no longer overhanging at the top and 
bowed in at the sides. Instead, the profile of via 34a is 
slightly rounded at its top edge and slightly convex down 

10 its sides. The angle at the bottom of via 34 is at least 90 
degrees, which avoids a cusping problem at the bottom 
of the via 34a. With these characteristics, the addition of 
sidewall ring 23a resutts in a better profile for purposes 
of subsequent deposition of the metal layer for the sup- 

75 port post stem 23b. 

In Figure 6. a post metal layer 61 has been deposited 
over spacer layer 34 and into vias 34a. Layer 61 Is 
referred to as a "post" metal layer although it may be used 
to form other elements, and in the example of this 

20 description, is used to form hinges 22 as well as hinge 
support posts 23. In particular, layer 61 forms the stem 
23b of post 23. Layer 61 is approximately 600 angstroms 
thick. A typical material for post metal layer 61 is an alu- 
minum alloy. A typical deposition means is sputtering. 

25 Because of the improved profile of via 34a with side- 
wall ring 23a, the deposition of layer 61 results in more 
uniform step coverage than would have occurred if the 
deposition were into via 34a without sidewall ring 23a. 
The thickness of the deposited layer near the top of via 

30 34a is nearly the same as the thickness on the top sur- 
face of spacer layer 34. At the bottom of the via 34a. cus- 
ping is minimized. In other words, the inner profile of the 
support post 23. now defined by sidewall ring 23a and 
stem 23b. corresponds to the profile of the via with side- 

35 wall ring 23a as discussed above. The profile is rounded 
at the top, slightly convex, and greater than 90 degrees 
at the bottom. 

Rgure 7 illustrates the results of the etching steps 
for hinges 22 and yoke 21 . A second metal layer 71 has 

40 been deposited over layer 61 . Layer 71 is typically about 
3000 angstroms thick. Like layer 61 . a typical material is 
an aluminum alloy. A plasma etch is used to pattern the 
hinges 22, electrodes 24 (not shown in Figure 7). tops of 
support posts 23. and yoke 21 . Although not shown in 

45 Figure 7, oxide layers act as etch stops and protect the 
metal beneath them. After completion of the plasma 
etch, the oxide etch stops are removed. 

In Rgure 8. a mirror spacer layer 81 has been depos- 
ited over yoke 21 , hinges 22. and electrodes 24 and pat- 
so terned with vias 81a that define mirror support posts 16. 
A typical thickness of spacer layer 81 is 2.2 micrometers. 
It is UV hardened at a temperature of approximately 180 
degrees centigrade. 

In Figures 9 and 10, a sidewall ring 16a for min^or 

55 support post 16 has been formed around via 81a. This 
sidewall ring 16a is formed in a manner similar to that 
described above for the sidewall ring 23a for the hinge 
support posts 23. More specifically, an oxide layer 91 is 
conformally deposited and etched back. 
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In Figure 11 . a mirror layer 1 1 1 has been deposited 
and patterned to form mirrors 14 and mirror support 
posts 16. A typical thickness of this layer 1 1 1 is 4250 
angstroms. A typical material for layer 1 11 Is an alumi- 
num alloy. To form the mirrors, a masking oxide layer is 
deposited, then patterned, and etched with layer 111. 
This layer Is left in place while the wafer is coated with a 
protective coating, sawed into chip an-ays, and cleaned. 

In Rgure 12. the chips of Figure 1 1 are etched so as 
to remove spacer layers 34 and 81. Tliis leaves an air 
gap under hinges 22 and yoke 21 and under mirror 14, 

Figure 13 Illustrates an alternative to the above- 
described method, in which hinge metal layer 61 is 
deposited before the sidewall oxide layer 41 . OthenMse. 
the sidewall rings 23a are fabricated In the same manner. 
The subsequent processing isthe same as shown in Fig- 
ures 6 - 12. An advantage of this alternative is that the 
metal layer 61 protects the sidewall rings 23a during 
removal of the spacer layer 34. The sidewall rings 23a 
remain in place to support the stem 23b of support post 
23. 

Figure 1 4 illustrates a further alternative to the above 
described method, in which two metal layers 61a and 
61 b are deposited. One is deposited under sidewall layer 
41 as in Figure 13. The other is deposited sidewall ring 
23a as in Figure 6. Either or both layers 61a or 61b may 
be used to form hinges 22 and yoke 21 . 

Other Embodiments 

Although the invention has been described with ref- 
erence to specific embodiments, this description is not 
meant to be construed in a limiting sense. Various mod- 
ifications of the disclosed embodiments, as well as alter- 
native embodiments, will be apparent to persons skilled 
In the art. It is, therefore, contemplated that the 
appended claims will cover all modifications that fall 
within the true scope of the Invention. 

Claims 

1 . A method of fabricating a support post for a micro- 
mechanical device, comprising: 

depositing a spacer layer over a substrate; 

etching a via into sakJ spacer layer, the via 
defining an outer surface of a support post; 

depositing an oxide layer over the spacer 
layer and into the via, such that said oxide layer sub- 
stantially confbrmally coats an inside surfeice of the 
via; 

etching back said oxide layer to a level sub- 
stantially corresponding to a top surface of the 
spacer layer, such that a sidewall ring remaining 
from said oxide layer coats the inside surface of the 
via; 

depositing a post metal layer over the spacer 
layer, such that the post metal layer coats the Inside 
surface of the sidewall ring; and 
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etching the post metal layer to form the sup- 
port post. 

2. The method of Claim 1 . wherein sard step of depos- 
5 iting an oxide layer is performed at room tempera- 
ture. 

3. The method of Claim 1 , wherein said step of depos- 
iting an oxide layer is performed at a temperature 

10 between room temperature and 120 degrees. 

4. The method of Claims 1 - 3. wherein said step of 
depositing an oxide layer is performed by depositing 
oxide by means of a f hjorotriethoxysilane source. 

15 

5. The method of Claims 1 - 3, wherein said step of 
depositing an oxide layer is performed by depositing 
oxide by means of a tetramethyl slloxane (TMDS) 
source. 

20 

6. The method of Claims 1 - 5. wherein said step of 
etching back is performed with an anisotropic etch. 

7. The method of Claim 1 - 6, wherein said step of 
25 depositing a post metal layer Is performed by sput- 
tering. 

8. A micro-mechanical device having at least one sup- 
ports post for a micro-mechanical element, the or 

30 each support post comprising: 

a support post stem; and a sidewall ring 
extending around the outer circumference of the 
stem. 

35 9. The device of Claim 8, wherein the stem comprises 
an inner surface and an outer surface, the sidewall 
ring being disposed between the inner and outer sur- 
faces. 

40 1 0. The device of Claims 8 - 9, wherein the support post 
has an Inner profile which is rourxied at a top edge. 

1 1 . The device of Claims 8-10, wherein the inner profile 
is convex. 

45 

1 2. The device of Claims 8-11, wherein the inner profile 
has an angle of 90'' or greater at a bottom edge. 

13. The device of Claims 8-12, wherein the sidewall 
50 ring is disposed on the outer surface of the support 

post. 

14. The device of Claims 8-13, wherein the sidewall 
ring is disposed on the Inner surface of the support 

55 post and is surrounded by the stem. 

15. The device of Claims 8-14, wherein the sidewall 
ring is formed from an oxide material. 
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16. The device of Claims 8-15, wherein the micro- 
mechanical element is a digital mtcro-min^or. 

17. The device of Claim 16, wherein the micro-mechan> 
ical device comprises; s 

a substrate upon which the following ele- 
ments are fabricated; at least one address elec- 
trode; 

a support post; io 
a binge extending from the support post; 
a mirror attached to said hinge, the hinge 
being deformable so as to permit the mirror to tilt 
upon being subjected to an applied force. 
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